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Abstract 
UNDERStORy pLANt DIVERSIty ASSESSMENt OF SZEMAO pINE (Pinus kesiya VAR. langbianensis) pLANtAtIONS IN yUNNAN, 
CHINA.— Sustainability is a key objective for managers of both natural forests and plantations, and biodiversity assessments 
are important tools to improve conservation of endangered species. Szemao pine (Pinus kesiya var. langbianensis) is 
a native Chinese tree species used in plantations. This study evaluated differences in understory diversity among Sze-
mao pine plantations (SP) and other local current vegetation types: secondary evergreen forests (SE) and abandoned 
farmlands (AF) in Yunnan Province. Sampling was performed at three elevation ranges, where species richness, species 
cover, and environmental variables in the herb and shrub layers were measured. We found that indexes for average 
richness and Shannon–Wiener diversity were higher in SE than in SP, which were in turn higher than in AF, while the 
index for evenness was higher in SP. These indexes increased with elevation in SP and AF, but were higher at low and 
medium elevations in SE. Inclusion of environmental factors highlighted elevation differences, with water content (at 
herb layer) and soil type (at shrub layer) being the most significant variables. In conclusion, plantations of Szemao pine 
negatively affect understory diversity in Yunnan, and furthermore, only a few rare or threatened species could be found 
in the plantations. Nature reserves and transplanting could protect threatened species if established before plantations.
Key words: abandoned farmlands; endangered species; herbs; plant diversity; secondary evergreen forests; shrubs. 
Resumen
EVALUACIóN DE LA DIVERSIDAD DE pLANtAS DE SOtObOSQUE EN pLANtACIONES DE pINO SZEMAO (Pinus kesiya VAR. 
langbianensis) EN yUNNAN, CHINA.— La sostenibilidad es un objetivo clave para la gestión tanto de bosques naturales 
como de plantaciones, mientras que los estudios sobre biodiversidad constituyen herramientas muy útiles para mejorar 
la conservación de especies amenazadas. El pino Szemao (Pinus kesiya var. langbianensis) es un árbol nativo de 
China que se usa en plantaciones. Este estudio evalúa la diversidad del sotobosque en plantaciones de pino Szemao 
(SP) y otros tipos de vegetación local, como bosques secundarios perennifolios (SE) y tierras de cultivo abandonadas 
(AF), en la provincia de Yunnan, China. El muestreo se realizó en tres rangos altitudinales, y se evaluó riqueza y 
cobertura de hierbas y arbustos además de factores ambientales. En general, la riqueza promedio y la diversidad de 
Shannon-Wiener fueron mayores en SE que en SP, y a su vez que en AF, mientras que la equitatividad tendió a ser 
mayor en SP. Asimismo, dichos índices tendieron a aumentar con la altitud en SP y AF, aunque en SE fueron mayores 
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a altitudes bajas y medias. La inclusión de factores ambientales resaltó las diferencias entre rangos altitudinales, 
siendo el contenido de agua (en el estrato herbáceo) y el tipo de suelo (en el estrato arbustivo) las variables más 
significativas. Las plantaciones de pino Szemao en Yunnan afectan al sotobosque, encontrándose pocas especies 
raras o amenazadas en su interior. Las reservas naturales y los transplantes podrían ser una alternativa para proteger 
a las especies amenazadas si se llevan a cabo anticipadamente a las plantaciones.
Palabras clave: arbustos; bosques secundarios perennifolios; diversidad de plantas; especies amenazadas; hierbas; 
tierras de cultivo abandonadas. 
INTRODUCTION
Worldwide, forest plantations are promoted as a tool 
by which to increase forested areas and produce 
timber and pulpwood (Li, 2000). Such plantations 
are usually considered a viable long-term forestry 
development strategy to reduce or eliminate the need 
to exploit natural forests and could also achieve the 
goal of natural forest biodiversity protection and 
long-term ecosystem sustainability. However, while 
plantations can be managed in ways that enhance 
their biodiversity protection functions, they are 
not generally important as habitat for native bio-
diversity, and in practice, plantations often replace 
natural forests (Brockerhoff et al., 2008; Duan et al., 
2010; Wang et al., 2011). At the same time, loss of 
biodiversity is occurring at an ever-increasing rate, 
resulting from land use conversion accompanied 
by both habitat destruction or alteration, and the 
introduction of invasive species (Gilliam, 2007).
In tropical and subtropical forests, deforestation 
is the main cause of forest decline. According to 
Brown (2000), about 7% of natural closed forest lost 
in tropical lands has been converted to plantations, 
while the remaining 93% of these losses are lands 
being converted to agriculture and other uses. Further-
more, 15% of plantations in tropical countries have 
been established on originally closed canopy natural 
forest (Brown, 2000). Tropical forests house many 
threatened forest hotspots defined by international 
associations around the world (Mittermeier et al., 
2005), such as the Indo-Burma Hotspot, where today 
only five percent of the original habitat remains. This 
hotspot includes the northern Indochina subtropical 
forests, which extend from Vietnam to Laos, Thai-
land, Myanmar and the province of Yunnan in China 
(Wikramanayake et al., 2001).
Szemao pine [Pinus kesiya Royle ex Gordon var. 
langbianensis (A. Chev.) Silba], a geographic variant 
of Pinus kesiya, is distributed naturally in the humid 
and sub-humid area of the tropical and subtropical 
zone within Yunnan Province, and is concentrated in 
Pu’er and other prefectures or cities of this province 
(ECFRPS–CAS, 1978). Szemao pine is one of the 
native species of China selected for plantations, and 
has been sown by airplane since 1960s (Zha, 2003). 
The species produces good quality timber and is 
widely used in the construction, furniture and paper 
industries. Additionally, its high yield of quality re-
sins, including rosin and turpentine, make Szemao 
pine the main timber and resin tapping tree in Yunnan 
Province (Wu, 1994). Even though they constitute 
one of the main timber plantations in the province, 
Szemao pine plantations have been the subject of 
few studies regarding the conservation value of their 
understory biodiversity. Chen et al. (2009) studied 
the undergrowth plant diversity of five types of Sze-
mao pine plantations in Pu’er Prefecture. However, 
that study did not focus on the understory layer nor 
did it compare Szemao pine to other current local 
vegetation types. Likewise, it remains unknown if 
and how Szemao pine plantations will affect threa-
tened species, and how environmental factors could 
influence their understory diversity. 
Among other forest biodiversity components (e.g. 
trees, arthropods, birds, mammals; Gilliam, 2007), 
understory plants provide a crucial role in maintaining 
the structure and function of forest ecosystems, as 
they contribute to forest biodiversity, generate the 
initial competitive interactions with regeneration 
phases of dominant canopy species, determine energy 
flow and nutrient cycling, and respond complexly 
to disturbances of both natural and anthropogenic 
origin (Gilliam, 2007). In plantations, understory 
vegetation could act as a conservation refuge for 
many animal species and might play an important 
role in plant diversity and ecosystem functionality, 
but rarely has been examined properly (Geldenhuys, 
1997; Harrington & Ewel, 1997). Although plant 
species richness in the herbaceous layer is typically 
greater than in any other forest stratum, discussions 
of threats to biodiversity often omit the herb layer 
(Gilliam, 2007). The occurrence of rare (often threa-
tened or endangered) species in the herbaceous layer 
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has practical relevance to the biodiversity of forest 
ecosystems. Spyreas & Matthews (2006) suggested 
that, because of their habitat and resource specificity, 
rare plants of the herbaceous layer have excellent 
potential for use as biodiversity indicators. 
With the ongoing expansion of plantations, its pu-
tative biodiversity enhancement has attracted world-
wide attention (FAO, 2006), and the environmental 
effects of plantations comprised of fast-growing 
native or exotic trees have been vigorously debated, 
especially with regard to plantations in subtropical 
regions (IFS, 1989; Tang et al., 2007; Duan et al., 
2010; Wen et al., 2010). On one hand, monocultures 
have been said to exhaust resources, resulting in de-
creased biodiversity (e.g. Shiva et al., 1982; Shiva & 
Bandyopadhyay, 1983; Poore & Fries, 1985; Abbasi 
& Vinithan, 1997; Tang et al., 2007). Conversely, 
it has been stated that monocultures may favor re-
generation of undergrowth plants from surrounding 
forests, increasing biodiversity (Geldenhuys, 1997; 
Harrington & Ewel, 1997; Loumeto & Huttel, 1997).
Thus, we conducted this study to compare un-
derstory diversity in Szemao pine plantations with 
two other current local vegetation types: secondary 
evergreen forests (SE, similar to native forests), and 
abandoned farmlands (AL) in order to assess: (1) the 
differences in understory vegetation among the three 
vegetation types; and (2) environmental factors that 
affect the composition and structure of understory 
vegetation. The study included both a special conside-
ration of threatened species as well as an evaluation of 
the influence of environmental factors on understory 
diversity. Among environmental factors, special atten-
tion was given to altitudinal influence by evaluating 
current vegetation types at three different elevations. 
Our work contributes to a better understanding of 
how biodiversity in Szemao pine plantations and other 
vegetation types might be enhanced.
MATERIALS AND METHODS 
Study area
Pu’er Prefecture is found beside Myanmar in the 
southern section of Hengduan Mountains in China, 
and is located in southwestern Yunnan Province. 
Pu’er has a mean annual temperature of 18.9ºC, 
and in 2009, the annual precipitation was 1502 
mm (Li et al., 2009). Monsoon seasonality (i.e. 
wet summers and dry winters) characterizes the 
region, with monsoon evergreen broad-leaved fo-
rest being the dominant vegetation type. Between 
0 and 700 m, tropical plant species can be found; 
moisture-loving broad-leaf plant species are distri-
buted above 1400 m. The fieldwork took place in 
the three southwestern counties of Pu’er: Lancang, 
Menglian, and Ximeng.  
Pu’er is home to many economically and eco-
logically important trees, plants, and animals (Li 
et al., 2009). Ceylon ironwood (Mesua ferrea L.), 
purple teak (Tectona grandis L. f.), camphor [Cin-
namomum camphora (L.) T. Nees & C. H. Eberm.], 
Toona ciliata M. Roem. var. pubescens (Franch.) 
Hand.-Mazz. and Trigonobalanus doichangensis (A. 
Camus) Forman are among the hundreds of timber 
species have been recorded in Pu’er, among many 
other rare species. Trees of several hundred years 
old, including cypresses [Platycladus orientalis 
(L.) Franco] and tea trees (Melaleuca alternifolia 
Cheel), can be found in the region. Also native to 
Pu’er are over 2000 herbal components of Chinese 
medicine, including Paris quadrifolia L., wild no-
toginseng (Panax stipuleanatus Tsai & Feng), and 
Polygonum multiflorum Thunb. Over one hundred 
animal species are protected as well. 
Sampling protocol
In Lancang, Menglian, and Ximeng counties, three 
ranges of elevation—low (1000–1400 m), medium 
(1400–1800 m), and high (1800–2200 m)—were 
selected between December 2008 and May 2009. 
We identified three sites at each elevation range that 
possessed similar environmental characteristics (e.g. 
slope, aspects, etc.) by the use of satellite images, 
local relief maps, and ground studies coupled with 
global positioning. All three major local current ve-
getation types were found at each site: Szemao pine 
plantations (SP), secondary evergreen forests (SE) 
and abandoned farmlands (AF). At each sampling 
site, there was less than 1 km between the three 
local current vegetation types. 
Szemao pine plantations were more than ten years 
old and were established on lands where secondary 
evergreen forest had been harvested. The Szemao 
pine is native to the local forest communities and 
was seeded by airplanes from 1960 to 2000 (Zha, 
2003). Over a ten-year period, secondary evergreen 
forests in China have become established on lands 
originally occupied by primary forests, from which 
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most adult trees have disappeared because of long-
time logging, anthropogenic destruction, grazing 
and fire. Thus, the secondary forests are comprised 
only of young trees and shrubs, which naturally 
regenerate after timber harvesting. The abandoned 
farmlands studied had been deserted for about six 
years. Prior to abandonment, farmers had cut a large 
area of forest, burning the cut vegetation and then 
had planted corn, sugar cane or upland rice. During 
farming, the land was tilled and treated with herbi-
cides. After about three decades of farming, the soil 
became barren and the production of agricultural 
crops was severely curtailed, so the farmers aban-
doned the land in search of more productive land. 
Three “large” 20 × 20 m plots were delineated for 
each local current vegetation type (SP, SE and AF) 
in each of the nine sites; the actual investigated area 
was 400 m2/cos α, where α is the angle of slope. 
All large plots were located at least 100 m away 
from the edge of each vegetation patch to minimize 
edge effects. In summary, three vegetation types at 
each of three sites at three different elevations were 
sampled for a total of 27 large plots. 
The understory vegetation was delineated into 
herbaceous and shrub layers. The floristic surveys 
were carried out in five 5 × 5 m subplots for shrub 
species and five 1 × 1 m subplots for herb species 
in each large plot: one subplot was in the center and 
the other four were on each corner of each large 
plot. To characterize each plot, the data for the five 
small subplots were combined. 
  Shrubs were defined as woody species with a 
diameter at breast height (DBH) of less than 2 cm; 
“breast height” was considered to be 1.30 m from 
the ground. Trees (woody species with a DBH of 
more than 2 cm) were avoided. At the time field 
work was being done in all plots, discrete interlayer 
species (i.e. species that live above the herb layer 
but below the shrub layer, e.g. lianas and ferns) were 
initially considered separately. However, since wi-
dely different local vegetation types were surveyed, 
these interlayer species were effectively absent in 
some vegetation types, while being very abundant 
in others (e.g. in SE). Therefore, we decided to 
consider lianas and tall ferns to be species in the 
shrub layer, whereas short ferns were considered 
species in the herb layer. 
Plant richness was estimated by combining the 
counts of different species across all five subplots 
in each site. We also categorized and counted both 
genera and families observed in each plot, and 
kept track of rare or threatened species. We used 
definitions outlined by the Chinese National Forest 
Bureau (NRE, 2004; Zhou, 2010) to categorize the 
threatened species: a “level II-protected” species 
requires some protection, while a “level I-protected” 
species is in greatest need of protection. Species 
were identified and the number of individuals for 
each species was recorded in each subplot for the 
understory layers (shrub and herb); clonal units were 
considered to be a single individual. Collectively, 
these data were used to calculate relative abundance 
(density) for quantitative analysis. 
The heights for shrub and herb layer canopy 
closure measurement were 1.2 m and 0.30 m, res-
pectively. To estimate shading, we calculated the 
percentage of shaded area (dark patches), repre-
senting overstory canopy cover (OCOV) in four or 
five random 1 × 1  m small subplots. Each subplot 
was a 1 × 1 m plastic frame with nine uniform size 
cells. If shade covered more than 50% of the area 
of a cell, we counted the cell as a “shade cell”. We 
then used the number of shade cells as the shadiness 
of each 1 × 1 m subplot, from which could derive a 
value of 0 to 9. To estimate the OCOV for the entire 
large 20 × 20 m plot, we used a frequency estimation 
method in which we estimated the percentage of the 
projected shadow area in five random “small” 5 × 
5 m subplots within the tree layer (derived from the 
1 × 1 m subplot), and then combined the data.  
To test the influence of soil differences, the 
soil type was defined for each site, and conside-
red as “dummy” variable (SOIL) for multivariate 
analysis (1 = Lateritic red, in five sites; 2 = Red, 
in two sites; and 3 = Yellow brown, in a single 
site). To determine soil chemistry, five samples 
of soil per subplot (total of 25 per plot) at the 
five small subplots of each vegetation type were 
obtained with a soil corer (diameter 5 cm) inser-
ted to a depth of 20 cm. The five samples were 
combined into a composite sample (about 1 kg), 
each of which was then air-dried and sieved prior 
to chemical. Soil chemical characters measured 
were: pH, percentage of organic matter (OM), 
hydrolyzable nitrogen in mg kg-1 (HN), available 
phosphorus in mg kg-1 (AP) and rapid available 
potassium in mg kg-1 (RAK) (Standford & English, 
1949; Olsen et al., 1954; ISS–CAS, 1978; SCA, 
1987). After removing the litter and humus layer, 
nine intact soil cores were collected randomly in 
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each subplot using ring knives in order to measure 
the soil physical characteristics. Three of these 
samples were used to determine soil bulk density 
(SBD), soil moisture-holding capacity (WC), and 
soil thickness (THICK). For the measurement of 
soil bulk density, soil cores were oven-dried at 
105ºC for 24 h. 
Quantitative analyses of data
To explore the relationships among current ve-
getation types and elevation ranges, non-metric 
multidimensional scaling (NMS) ordinations of 
herb and shrub layer data were conducted with 
PC-ORD software (McCune & Mefford, 1999); this 
process employed Bray-Curtis (Sørensen) distance. 
NMS ordinations for the understory data (herb and 
shrub layers) revealed different patterns in species 
composition for these layers, patterns that were in-
dependent of local current vegetation type, elevation 
range, or site (data not shown). Thus, the herb and 
shrub layers were analyzed separately in all cases.
For the characterization of understory diversity, 
three indices were chosen after Pielou (1969): (1) 
average plant richness (S), which measures the 
number of species recorded in each large plot; (2) 
the Shannon–Wiener diversity index (H'), where 
H' = –∑ pi ln(pi) and pi represents the relative 
abundance of i species at each plot; and (3) the 
Pielou evenness index (J), where J = H'/H'max, and 
H'max = ln(S) (Pielou, 1969). The Shannon–Wiener 
diversity reduces the effect of rare species (Mar-
galef, 1974; Pielou, 1975). The Pielou evenness 
index (J) compares diversity among communities. 
Species cover was used as a measure of relative 
abundance, although individual species counts 
were performed as well. Species exclusive to one 
layer and vegetation type (i.e. “exclusive species 
richness”) was also recorded. 
Two-way ANOVAs were used to analyze diver-
sity indices for each understory layer (herb and 
shrub), with local current vegetation types (SP, SE 
and AF) and elevation ranges (low, medium and 
high) as principal factors (three replicates for each 
range and type). Complementary one-way ANOVAs 
comparing local vegetation types for each elevation 
and then comparing all elevations for each local 
vegetation type were also performed. The Tukey 
Multiple Range test (P < 0.05) was used to compare 
means in all of these analyses.  
In addition, Canonical Correspondence Analy-
sis (CCA) was conducted using CANOCO for 
Windows (McCune & Mefford, 1999), using ten 
environmental factors (OCOV, OM, HN, WC, SBD, 
THICK, RAK, AP, pH and SOIL) as explanatory 
variables. Owing to some incomplete environmental 
data, six AF plots were excluded from these analy-
ses; similarly, species observed in three or fewer 
plots were not included in the analysis. Data were 
not transformed and downweighting of rare species 
was not applied. In the CCA analysis, the length of 
the environmental factor line represents the degree 
of correlation with vegetation, and the angle and 
direction of the line represents the relationship with 
the coordinated axis.
RESULTS 
Community structure of local current vegetation 
types and elevation ranges: a comparison 
With respect to the entire study, a total of 234 plant 
species belonging to 46 families and 97 genera was 
sampled. This total species richness was distributed 
homogeneously between the herb and shrub strata, 
with 102 species only observed in the herb layer, 
98 species only found in the shrub layer and 34 
species present in both layers.
Plant community composition differed in each 
local current vegetation type across all elevations, 
where canopy cover values were 89 ± 3% in SP, 
76 ± 7% in SE and 34 ± 11% in AF. Understory 
richness was higher in SE than in SP, which in turn 
was higher than in AF (Table 1), with 50 species 
shared among the three vegetation types. Exclusive 
species richness in each vegetation types followed 
the general trend, as did total and exclusive species 
richness at the herb layer and total richness at the 
shrub layer (Table 1). Different vegetation types sha-
red 27 species in the herb layer and 19 species in the 
shrub layer. However, exclusive species richness in 
the shrub layer was higher in SE than in AF, which 
was in turn higher than in SP (Table 1). Indeed, only 
five to 17 species were shared between herb and 
shrub layers in each different local vegetation types 
across all elevations. The dominant plants in the herb 
layer were Carex baccans Nees in SE, Ageratina 
adenophora (Spreng.) R. M. King & H. Rob. in SP, 
and Neyraudia reynaudiana (Kunth) Keng ex Hitchc. 
in AF. In the shrub layer, the dominant species were 
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Table 1. Total understory vascular plant species richness (exclusive species richness in parentheses) in the herb and shrub 
layers for each current vegetation type (SP: Szemao pine plantations; SE: secondary evergreen forests; AF: abandoned 
farmlands) and each elevation range (low, medium and high) in Yunnan Province, China.
Vegetation type SP SE AF Total
Herb layer 78 (21) 99 (44) 50 (7) 136 (102)
Shrub layer 66 (19) 83 (32) 62 (21) 132 (98)
Total 139 (31) 165 (58) 104 (21) 234
Elevation range Low Medium High Total
Herb layer 88 (35) 73 (16) 74 (18) 136 (102)
Shrub layer 79 (32) 64 (13) 80 (24) 132 (98)
Total 157 (54) 124 (20) 145 (33) 234
Eurya groffii Merr. and Craibiodendron stellatum W. 
W. Sm. in SE, Debregeasia orientalis C. J. Chen and 
Ficus microcarpa Blume in SP, and Schima wallichii 
(DC.) Choisy in AF (Appendix).
Plant community composition also differed 
in each elevation range, with the highest values 
found at low elevations compared to the high ele-
vations, which both had higher plant community 
composition values than the medium elevations 
(Table 1); 65 species were shared among the 
three elevation ranges. Exclusive species rich-
ness in each elevation range followed the general 
trend, but in the herb and shrub layers, richness 
varied slightly from this general pattern. In the 
herb layer, higher total species richness as well 
as exclusive species richness was observed at the 
low elevations when compared to either the high 
or medium elevations (Table 1), with 32 species 
shared among all elevations. Conversely, in the 
shrub layer, higher total richness was observed 
at both the high and low elevations, with lower 
values seen at medium elevation (Table 1), and 
24 species were shared across the three elevations. 
Higher exclusive species richness in the shrub layer 
was found at the low elevations when compared 
to the high elevations, which in turn had a higher 
exclusive richness than medium elevations. Only 
nine to 13 species were shared between herb and 
shrub layers on different elevation ranges when 
considering all vegetation types.
The plant community structure significantly va-
ried among vegetation types for the herb and shrub 
layers, but did not differ greatly among elevation 
ranges (Table 2). In the herb layer, the two-way 
ANOVAs revealed significant differences among 
current vegetation types for average plant richness 
(S) and Shannon–Wiener diversity (H'), which 
were highest in SE and lowest in AF (Table 2). SP 
presented intermediate values (i.e. between the two 
extremes), and significant differences in the other 
vegetation types were not detected. In the shrub 
layer, only Pielou evenness (J) indices showed 
significant differences among the vegetation ty-
pes, with SP having the higher value and the other 
vegetation types sharing lower values (Table 2). 
Since interactions among vegetation types and 
elevation ranges were not significant, differences 
for local vegetation types in the three diversity 
indices analyzed in this study are independent of 
elevation range (Table 2). However, the one-way 
ANOVAs also performed do highlight trends among 
vegetation types and elevations. In the comparison 
of vegetation types for each elevation (Table 3), 
significant differences were found only within 
the shrub layer. These differences were seen in 
evenness at low elevations and average richness 
at medium elevations. With respect to evenness at 
low elevation, the lowest values were observed in 
SE and the highest values in SP, with intermediate 
values seen in AF; for average richness at medium 
elevation, SE had significantly higher values than 
either SP or AF.
In the one-way ANOVAs comparing elevations 
for each vegetation type (Table 4), significant di-
fferences were found in the herb layer for average 
richness in SP and for evenness in SE. Both varia-
bles had the largest values at the high elevations 
and lowest values at the medium elevations. In 
the shrub layer, differences were found only with 
respect to evenness in SE, with values for evenness 
being lower at the low elevations compared to the 
medium or high elevations.
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Table 2. Mean (± standard error) values and results of a two-way ANOVA analyzing average richness (S), Shannon–Wiener 
(H') and Pielou evenness (J) indices of the shrub and herb layers in southwestern Yunnan Province, China, considering 
current vegetation type (SP: Szemao pine plantations; SE: secondary evergreen forests; AF: abandoned farmlands) and 
elevation range (low, medium and high) as main factors (N = 27). F (P): F statistic and probability at P < 0.05. Values 
followed by different letters in each column are significantly different by Tukey Multiple Range test at P < 0.05. 
   Herb layer   Shrub layer
  Average  Shannon–Wiener Evenness Average Shannon–Wiener EvennessMain factors
 richness (S)  (H') (J) richness (S) (H') (J)
A: Local current vegetation type    
 SP 19.18 ± 1.59 ab 2.30 ± 0.10 ab 0.78 ± 0.03 13.67 ± 1.29 2.53 ± 0.09 0.98 ± 0.02 b
 SE 22.33 ± 2.05 b 2.46 ± 0.11 b 0.80 ± 0.03 19.44 ± 2.61 2.52 ± 0.24 0.88 ± 0.03 a
 AF 14.56 ± 1.68 a 2.01 ± 0.12 a 0.76 ± 0.02 19.44 ± 2.52 2.16 ± 0.24 0.87 ± 0.03 a
 F (P) 5.79 (0.012) 4.04 (0.036) 0.53 (0.598) 2.41 (0.118) 1.36 (0.282) 5.97 (0.010)
B: Elevation range     
 Low 19.56 ± 2.62 2.23 ± 0.14 0.77 ± 0.01 16.33 ± 2.67 2.37 ± 0.23 0.87 ± 0.03
 Medium 17.56 ± 1.69 2.14 ± 0.11 0.76 ± 0.03 13.44 ± 2.28 2.28 ± 0.23 0.91 ± 0.04
 High 19.56 ± 1.86 2.38 ± 0.11 0.81 ± 0.03 16.89 ± 2.13 2.56 ± 0.17 0.93 ± 0.02
 F (P) 0.49 (0.620) 1.13 (0.344) 1.40 (0.273) 0.73 (0.497) 0.59 (0.562) 0.90 (0.424)
 Interaction F (P)  
2.31 (0.098) 0.40 (0.805) 1.11 (0.384) 1.45 (0.258) 2.76 (0.060) 2.43 (0.085)       A × B
Table 3. Mean (± standard error) values and results of a one-way ANOVA analyzing average richness (S), Shannon–Wiener 
(H') and Pielou evenness (J) indices of the shrub and herb layers in southwestern Yunnan Province, China, considering 
current vegetation type (SP: Szemao pine plantations; SE: secondary evergreen forests; AF: abandoned farmlands) as the 
main factor (N = 9). F (P): F statistic and probability at P < 0.05. Values followed by different letters in each column are 
significantly different by Tukey Multiple Range test at P < 0.05. 
   Herb layer   Shrub layer
  Average  Shannon–Wiener Evenness Average Shannon–Wiener EvennessMain factors
 richness (S)  (H') (J) richness (S) (H') (J)
For low elevations    
 SP 18.33 ± 4.06 2.20 ± 0.28 0.76 ± 0.02 13.33 ± 2.96 2.47 ± 0.23 0.95 ± 0.03 b
 SE 26.67 ± 4.67 2.59 ± 0.22 0.79 ± 0.02 16.00 ± 8.14 1.93 ± 0.63 0.79 ± 0.04 a
 AF 13.67 ± 0.88 1.90 ± 0.07 0.79 ± 0.01 19.67 ± 0.33 2.72 ± 0.08 0.92 ± 0.02 ab
 F (P) 3.34 (0.106) 2.69 (0.147) 1.46 (0.304) 0.40 (0.685) 1.06 (0.404) 7.05 (0.027)
For medium elevations    
 SP 16.00 ± 2.90 2.18 ± 0.26 0.79 ± 0.08 11.00 ± 2.64 a 2.37 ± 0.46 1.00 ± 0.08
 SE 22.33 ± 2.40 2.24 ± 0.22 0.72 ± 0.05 21.33 ± 2.33 b 2.86 ± 0.13 0.94 ± 0.01
 AF 14.33 ± 1.53 1.99 ± 0.14 0.76 ± 0.03 8.00 ± 1.00 a 1.62 ± 0.03 0.81 ± 0.04
 F (P) 3.23 (0.112) 0.38 (0.700) 0.34 (0.723) 10.92 (0.010) 5.14 (0.050) 3.06 (0.122)
For high elevations    
 SP 25.00 ± 2.85 2.50 ± 0.16 0.78 ± 0.01 16.67 ± 5.13 2.75 ± 0.39 0.99 ± 0.06
 SE 18.00 ± 2.08 2.54 ± 0.07 0.88 ± 0.01 21.00 ± 1.15 2.79 ± 0.07 0.91 ± 0.02
 AF 15.67 ± 2.31 2.11 ± 0.24 0.78 ± 0.08 13.00 ± 3.28 2.14 ± 0.22 0.89 ± 0.01
 F (P) 3.98 (0.079) 1.94 (0.224) 1.65 (0.268) 1.25 (0.351) 1.91 (0.228) 2.03 (0.212)
The NMS ordination for the herb layer indicated 
that the greatest similarity could be found between 
SP and AF plots, whereas the SE plots were quite 
different (Fig. 1). However, all local current vegeta-
tion types were interspersed in the shrub layer, and 
elevation ranges were not differentially grouped. 
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Relationships among environmental factors 
and understory vegetation
When CCA was performed (Fig. 2), ordinations 
highlighted differences among elevation ranges 
better than among local current vegetation types for 
both herb and shrub layers. In the herb layer, RAK, 
WC and pH were the most important variables, 
positively correlated with axes 1 and 2. Also, low 
elevation plots were associated with high OCOV 
values and low pH and RAK values, whereas me-
dium and high elevation plots were interspersed 
and related to low OCOV, high pH and high RAK 
values. The only significant variable with respect 
to understory herb variation in the plot ordination 
was WC (F = 1.6, P = 0.04), and this variable as 
well as SBD, AP, PM and SOIL were associated 
with internal variation at each elevation. In this 
CCA, the significance of all canonical axes was 
0.933 (F = 1.026, P = 0.404).
In the shrub layer, CCA analysis indicated that 
SOIL and WC were the most important variables, 
both positively correlated with axis 1 (Fig. 2). The 
main variables correlated with axis 2 were SDB 
(positively correlated), and OCOV and THICK 
(negatively correlated). Only SOIL significantly 
explained the variation in the understory shrub layer 
(F = 1.66, P = 0.05). In this CCA, the significance of 
all canonical axes was 1.621 (F = 1.336, P = 0.064). 
Native, rare and/or threatened species encountered 
In the SE plots at all elevation ranges (except in one 
site), Chinese national level I- and level II-protected 
species were encountered. On the other hand, rare 
species could not be detected in the SP and AF plots, 
aside from a single documentation of Cibotium baro-
metz (L.) J. Sm., a level II-protected species, in AF at 
one site of low elevation range. Vanda coerulea Griff. 
ex Lindl. (level II-protected in Yunnan Province), Den-
drobium officinale Kimura & Migo (level II-protected), 
Paramichelia baillonii (Pierre) Hu (level II-protected), 
Cyathea chinensis Copel. (level II-protected), Dendro-
bium chrysotoxum Lindl. and D. devonianum Paxton 
(both level II-protected) were some of the native rare 
or threatened species seen in the SE.  
DISCUSSION
Community structure of local current vegetation 
types
In our work, we compared the understory plant 
Table 4. Mean (± standard error) values and results of a one-way ANOVA analyzing average richness (S), Shannon–Wiener 
(H') and Pielou evenness (J) indices of the shrub and herb layers in southwestern Yunnan Province, China, considering 
elevation range (low, medium and high) as the main factor (N = 9). F (P): F statistic and probability at P < 0.05. Values 
followed by different letters in each column are significantly different by Tukey Multiple Range test at P < 0.05. 
   Herb layer   Shrub layer
  Average  Shannon–Wiener Evenness Average Shannon–Wiener EvennessMain factors
 richness (S)  (H') (J) richness (S) (H') (J)
For Szemao pine plantations (SP)    
 Low 18.33 ± 1.59 ab 2.20 ± 0.10 0.76 ± 0.03 13.33 ± 1.29 2.47 ± 0.09 0.95 ± 0.02
 Medium 16.00 ± 2.05 a 2.18 ± 0.11 0.79 ± 0.03 11.00 ± 2.61 2.38 ± 0.24 1.00 ± 0.03
 High 25.00 ± 1.68 b 2.50 ± 0.12 0.78 ± 0.02 16.67 ± 2.52 2.75 ± 0.24 0.99 ± 0.03
 F (P) 7.75 (0.022) 1.14 (0.382) 0.10 (0.903) 2.05 (0.210) 1.98 (0.218) 0.63 (0.567)
For secondary evergreen forests (SE)    
 Low 26.67 ± 2.62 2.58 ± 0.14 0.79 ± 0.01 ab 16.00 ± 2.67 1.93 ± 0.23 0.79 ± 0.03 a
 Medium 22.33 ± 1.69 2.24 ± 0.11 0.72 ± 0.03 a 21.33 ± 2.28 2.86 ± 0.23 0.94 ± 0.04 b
 High 18.00 ± 1.86 2.54 ± 0.11 0.88 ± 0.03 b 21.00 ± 2.13 2.78 ± 0.17 0.92 ± 0.02 b
 F (P) 1.77 (0.249) 1.02 (0.416) 6.37 (0.033) 0.37 (0.708) 1.90 (0.230) 9.50 (0.014)
For abandoned farmlands (AF)    
 Low 13.67 ± 2.62 1.90 ± 0.14 0.75 ± 0.01 8.00 ± 2.67 1.62 ± 0.23 0.81 ± 0.03
 Medium 14.33 ± 1.69 1.99 ± 0.11 0.76 ± 0.03 13.00 ± 2.28 2.14 ± 0.23 0.89 ± 0.04
 High 15.67 ± 1.86 2.11 ± 0.11 0.78 ± 0.03 19.67 ± 2.13 2.72 ± 0.17 0.92 ± 0.02
 F (P) 0.09 (0.911) 0.19 (0.835) 0.07 (0.930) 2.44 (0.168) 2.19 (0.193) 0.84 (0.475)
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Figure 1. Non-metric multidimensional scaling (NMD) for shrub and herb layer plots in Szemao pine plantations (SP), 
secondary evergreen forests (SE) and abandoned farmlands (AF) over all three elevation ranges in Yunnan Province, China.
Figure 2. Canonical Correspondence Analysis (CCA) for understory vegetation (shrub and herb layers) and 10 environ-
mental variables (OCOV: overstory coverage; OM: organic matter; HN: hydrolyzable nitrogen; WC: water content; SBD: 
soil bulk density; THICK: thickness of the soil; RAK: rapid available potassium; AP: available phosphorus; pH: soil 
acidity; SOIL: soil types). Plots were classified by current vegetation type (SP: Szemao pine plantations; SE: secondary 
evergreen forests; AF: abandoned farmlands) and elevation ranges (low, medium and high).
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composition among the current local vegetation types 
usually found in this area, which could be associated 
with different stages of succession in these evergreen 
broad-leaved forests (Tang et al., 2010). Despite 
the low number of replicates used in this study, 
the vegetation diversity we observed (234 species) 
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is comparable to the 222 species observed by Tang 
et al. (2010) in their studies of several vegetation 
types in other counties of Yunnan Province. We 
found differences among forest types and between 
layers of vegetation (shrub and herb), as was also 
observed by Tang et al. (2010) and Zhang et al. 
(2010). In our study, plant community structure of 
Szemao pine plantations differed from secondary 
evergreen forests and abandoned farmlands, and SP 
negatively affected the understory plant diversity 
that originally characterized Yunnan Province. As the 
biodiversity of Yunnan is high, and because very few 
rare or threatened species were observed in SP plots 
(even though they were regularly observed in the SE 
plots), conversion of SE to SP might be considered 
to be the cause behind the loss of rare or threatened 
species. Other authors have also observed depletion 
of richness in pine plantations compared to local 
broad-leaf forests in other regions of the world. For 
example, Proença et al. (2010) reported that 52 and 
33 plant species were observed in oak forest and 
pine plantation, respectively. 
Even though Szemao pine is a native species in 
Yunnan Province, SP are human-managed planta-
tions tending to a monospecific overstory stratum in 
which the natural dynamic is modified for economic 
benefits. In plantations, Szemao pine trees had a com-
parative advantage over native or endemic species 
in our study areas, impeding the ability of native or 
endemic species to live in their understory (NRE, 
2004; Liu et al., 2010). A well-developed Szemao 
pine tree layer in plantations resulted in less suns-
hine reaching the forest floor, as was evidenced by 
canopy cover values, which could contribute to the 
low average richness values obtained in the herb and 
shrub layer of SP compared to SE. Particularly with 
respect to shrubs, low diversity is usually attributed 
to low resource availability (Huston, 1994), because 
few shrub species are able to tolerate the competition 
with trees and herbs. Notably, the shrub layer in the 
SP possessed the highest evenness value in all three 
elevation ranges (Table 3), which can be explained 
by the presence of only a few species in this shrub 
layer, of which none was totally dominant. However, 
in the herb layer, the evenness index was lower in 
SP than in SE at the low and high elevations, which 
points to a lower level of diversity at these altitudes, 
while it was highest at the medium elevations. The 
lower evenness value in the herb layer compared 
to the shrub layer is explained by the presence of 
a greater number of dominant species with more 
significant roles. Furthermore, the absence of native 
rare and threatened species in the SP plots strongly 
indicate that Szemao pine plantations deplete the 
original diversity of native understory plants in 
Yunnan Province.
Secondary evergreen forests were the most biolo-
gically complex at the understory stratum in almost 
all cases, as they had the most layers, families, ge-
nera (data not shown), and species. Also, secondary 
evergreen forests possessed the highest values for 
average richness and Shannon–Wiener diversity in 
the herb layer at low and medium elevations, and in 
the shrub layer at medium and high elevations. These 
SE forests also had the highest evenness value in the 
herb layer at the low and high elevation. SE plots 
represent a state closer to the natural state (Wang et 
al., 2011), because natural dynamics drive commu-
nity diversity (Tang et al., 2010), and also because 
many rare or threatened species can be found in SE. 
Conditions in SE are also more conducive to complex 
functional processes, as was observed by Liu et al. 
(2000), who found that biologically diverse natural 
evergreen broad-leaved forests in central Yunnan 
have more rapid leaf litter decomposition rates and 
nutrient cycling when compared with relatively less 
diverse fast-growing pine forests. Likewise, natural 
evergreen forests have better hydrological function 
than monospecific tree plantations (Liu et al., 2003). 
On the other hand, secondary plant communities may 
act as reservoirs for recolonization and as corridors 
linking the remaining primary forest fragments (Tang 
et al., 2010).
In contrast to secondary evergreen forests, un-
derstory traits in abandoned farmlands showed that 
they have been drastically disturbed by agricultural 
activities. Consequently, AF present the lowest ave-
rage richness and Shannon–Wiener for all elevations 
in the herb layer, the lowest average richness, Shan-
non–Wiener and evenness indices for medium and 
high elevations in the shrub layer, and the greatest 
average richness and Shannon–Wiener diversity for 
low elevations in the shrub layer (Table 3). Despite 
the high level of disturbance, this vegetation type 
commonly contains rare or threatened species in 
their understory. In the absence of human mana-
gement, we believe these areas could recover their 
natural dynamics, fertility, processes and diversity. 
Species richness and diversity significantly increase 
with increased time since abandonment (Zhang 
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& Dong 2010), so AF could potentially reach an 
improved biodiversity conservation value after a 
sufficiently long period of time.
Environmental factors affecting community 
structure at different elevation ranges
Our two-way ANOVA results of diversity index 
analyses did not show significant differences in 
understory diversity measures along the elevation 
ranges, and the one-way ANOVAs did not show great 
differences among elevations for each vegetation 
type, perhaps due to the low number of replicates. 
This lack of significant differences can also be ex-
plained by the shared species (half of the total SP un-
derstory richness) among the three elevation ranges. 
This similarity possibly exists because the difference 
between the maximum and the minimum elevation 
in this study, 1002 m, was not large enough to elicit 
a response in understory composition. Nonetheless, 
trends in understory characteristics are observed 
(Table 4), showing a slightly poorer composition at 
the medium compared to the high or low elevations 
in both herb and shrub layers in Szemao pine plan-
tations, an increase in diversity with elevation in 
both herb and shrub layers of abandoned farmlands, 
and more complex patterns of diversity in secondary 
evergreen forests. In the SE, there was greater rich-
ness at low elevations in the herb layer and at the 
medium elevations in the shrub layer. More studies 
are necessary in order to understand the interactions 
between understory plant diversity and elevation.
Inclusion of other environmental factors in the 
comparison among local current vegetation types 
through the CCA analyses, such as canopy cover 
and soil variables, enabled understanding of the 
differences among the clearly grouped elevation 
ranges. In both the herb and shrub layers, the me-
dium elevation range presented intermediate values 
for the most important correlated variables, such as 
rapid available potassium, water content, pH and 
overstory cover for the herb layer; and soil types, 
water content, overstory cover, soil bulk density, 
and thickness of the soil for shrub layer. These 
ordination results emphasized that soil properties 
are significant factors controlling the distribution of 
understory vegetation. Liu et al. (2010) similarly 
identified a relationship between height of Szemao 
pine and aspect, thickness of soil, and available 
phosphorous (Liu et al., 2010). Positive correlations 
for overstory characteristics and soil properties have 
also been observed in other systems (Deckers et al., 
2004; Jiang et al., 2007; Zhang & Dong, 2010). 
These results should be more deeply explored using 
a greater number of replicates.   
Suggestions for diversity protection
As was suggested by Brockerhoff et al. (2008), we 
propose that the role of plantations in biodiversity 
conservation can be enhanced if plantations are 
managed as a whole with the surrounding landscape. 
We also suggest efforts be placed into conserving 
species within the plantations themselves. Therefore, 
in order to improve the biodiversity of Szemao pine 
plantations, retention of some native plant species 
before Szemao pine trees are planted as well as du-
ring the nursery stage, instead of clearing mountains 
before planting and/or mowing at the nursery stage, 
could be recommended as a mechanism by which 
to protect biodiversity. Other authors observed that 
a higher biodiversity and a high timber production 
results when Szemao pines are planted with some 
native species (Chen et al., 2009).
Similarly, nature reserves should be initiated and 
protected species transplanting programs implemen-
ted before Szemao pine plantations are established 
in order to protect the threatened species. For 
example, a large number of Vanda coerulea (level 
II-protected in Yunnan Province; Zhou, 2010) were 
found in the dark and humid secondary evergreen 
forests at Baowo Village (Dapingzhang Town, 
Lancang County) during field work. In addition, 
isolated adult Alsophila costularis Baker (level-II 
protected; NRE, 2004) were occasionally found 
living at the edge of a forest or on the roadside. 
We suggest the establishment of nature reserves, as 
well as the transplantation of suitable rare species 
into local natural reserves or botanical gardens, with 
similar climate conditions to those found in the field, 
to protect local endangered species threatened by 
Szemao pine plantations. 
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